Abstract. Cervical cancer is one of the most common gynecological malignant tumors and is the cause of a serious health problem worldwide. An increasing amount of evidence has shown that cancer stem cells (CSCs) are present in tumors, and that these CSCs may be responsible for tumor metastasis and relapse. The present study aimed to identify and characterize a CSC population from the CaSki cell line. First, a stem cell culture medium was used to selectively expand the cancer stem-like cell spheres, and the putative stemness markers, Oct4 and Sox2, were identified. These markers were all highly expressed in the CaSki sphere-forming cells. Next, target region amplified polymorphism-polymerase chain reaction was performed and the CaSki sphere-forming cells were found to exhibit higher telomerase activity than the CaSki control cells cultured in non-stem cell medium. Using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay, it was found that the CaSki sphere-forming cells were more resistant to chemotherapeutic drugs than the control CaSki cells. Using the tumor invasive assay, it was shown that the CaSki sphere-forming cells were more invasive than the control CaSki cells. These characteristics all suggested that the tumor sphere-forming cells mirrored the acknowledged CSC phenotypes. Overall, the use of a suspended sphere culture of CaSki cells may be an easy and feasible approach for enriching cancer stem-like cells in cervical cancer research.
Introduction
Cervical cancer is the fourth most common cancer in women following breast, lung and colorectal cancer with an incidence rate of 6% (1) , and it is one of the leading causes of cancer-related mortality in women with a mortality rate of 3% in the USA (2). Significant progress has been achieved in cervical cancer treatment with the emergence of novel therapeutic drugs and treatment approaches (3) . However, for patients in the advanced stages of disease, tumor relapse and resistance to radiation and available therapeutic approaches is inevitable. Therefore, investigation of the mechanisms of tumor relapse and drug resistance is a matter of great urgency.
In recent years, the cancer stem cell (CSC) theory has become widely accepted; it was found that CSCs, which represent a small fraction of tumor cells in the bulk of the tumor, are characterized by self-renewal, infinite proliferation and multiple differentiation potentials, and may be the root cause of tumor relapse and drug resistance (4, 5) . At present, the sorting methods of CSCs include flow cytometry based on special cell surface markers, the side population cell sorting technique, tumor sphere culturing and the ALDEFLUOR™ assay (6) (7) (8) (9) . Previous studies have identified the CSCs from colon, breast and glioblastoma cancer, as well as other cancer cell lines, using the sphere culturing method (10) (11) (12) . Tumor cell sphere culturing may be a convenient method for generating cancer stem-like cells to be used in the research of malignant behavior.
The present study attempted to identify a population with CSC properties from the CaSki cell line and performed a preliminary evaluation of the role of CSCs in tumor relapse and drug resistance. Tumor sphere culturing. The CaSki cells were cultured in an incubator at 37˚C with 5% CO 2 , and were digested into single cells suspension and replanted into 6-well plates (500 cells/well) in serum-free DMEM-F12 (Gibco; Thermo Fisher Scientific Inc., Waltham, MA, USA), supplemented with 10 ng/ml basic fibroblast growth factor (PeproTech Inc., Rocky Hill, NJ, USA), 20 ng/ml epidermal growth factor (PeproTech Inc.), 25 ng/ml insulin (Novo Nordisk, Bagsvaerd, Denmark), 4 µg/ml heparin sodium (Changzhou Qianhong Bio-Pharma Co., Ltd., Changzhou, China), 20 nM/l progestin (Amresco, Solon, OH, USA), 30 nM/l sodium selenite (Amresco), 100 µg/ml apo-Transferrin (Sigma-Aldrich), 4 mg/ml bovine serum albumin (Sigma-Aldrich), 4 mg/ml glucose (Amresco) and 2 mM/l L-glutamine (Amresco). After 5-7 days, the tumor spheres were collected by centrifugation at 157 x g, digested with Accutase (Sigma-Aldrich) to generate single cells and passaged every 5-7 days when the spheres reached a diameter of 100 µm.
Materials and methods

Cell
Western blot assay of stemness markers. The normal CaSki cells and the CaSki tumor-forming cells were lysated with radioimmunoprecipitation assay buffer (catalogue no. P0013C; Beyotime Institute of Biotechnology, Haimen, China). Protein concentrations were determined using the Bio-Rad Protein assay (NanoDrop 2000c; Bio-Rad Laboratories Inc., Hercules, CA, USA) and 40 µg protein was loaded per lane. Western blot analysis was performed according to standard procedures. Polyvinylidene difluoride (PVDF; EMD Millipore, Billerica, MA, USA) and 10% sodium dodecyl sulfate polyacrylamide gel (Applygen Technologies Inc., Beijing, China) membranes were used for protein electrophoresis and transfer. Rabbit anti-mouse polyclonal Sox2 (catalogue no. ab59776; Abcam) and Oct4 (catalogue no. ab18976) antibodies were diluted at 1:1,000 and incubated with the membrane overnight at 4˚C. The blotted membranes were visualized using the ImageQuant™ LAS 4000 mini system (GE Healthcare Life Sciences, Chalfont, UK).
Grey-scale values of the bands were analyzed quantitatively by Image Quant TL software (GE Healthcare Life Sciences). The levels of the stemness indicators, Sox2 and Oct4, the drug resistance marker, ABCG2, and the apoptosis marker, PARP, were determined.
Telomerase activity assay. The telomerase activity of the CaSki sphere-forming cells and the normal CaSki cells was measured using the TRAPeze RT Telomerase Detection kit (catalogue no. S7710; EMD Millipore). The experimental process was performed in accordance with the manufacturer's protocols. Reactions were set up in triplicate. Samples were subjected to the following cycling parameters using an Applied Biosystems 7300 Real-Time PCR system: 1 cycle of 30 min at 30˚C (extension of telomerase substrate) and 1 cycle of 2 min at 95˚C, followed by 45 cycles of 15 sec at 94˚C, 1 min at 59˚C and 30 sec at 45˚C (PCR amplification of extended telomerase substrate). The calculation of the products (amount of DNA amplification produced by whole protein containing telomerase per mg/min) was performed according to the formula described previously (13) . This experiment was repeated twice. Cell invasion assay. The cell invasion assay was performed using Transwell chambers (Corning Inc., Corning, NY, USA) coated with 50 µl Matrigel polycarbonate membrane, as described in the manufacturer's protocols. The CaSki tumor-forming cells and normal CaSki cells, which grew at the exponential growth phase, were resuspended in serum-free DMEM and stem cell culturing medium at a concentration of 5x10 5 cells/ml. The single-cell suspension was added into the upper chamber (200 µl/well) and the lower chambers were loaded with complete medium (500 µl/well). After 10 h of incubation at 37˚C, the cells that did not penetrate through the polycarbonate membrane were removed with wet cotton swabs, while the cells that had moved to the other side of the polycarbonate membrane were stained with 0.2% crystal violet dye for 30 min. Subsequently, the cell numbers from four randomly selected fields were counted using a microscope (Nikon SE; Nikon Corporation, Tokyo,Japan). This experiment was repeated twice.
Statistical analysis. All statistical analyses were performed using SPSS 19.0 statistical software. Statistically significant differences between groups were determined using an unpaired Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
Cell culture of cervical CSCs. Cervical CSCs were selectively expanded using the stem cell medium. After 24-48 h, a proportion of the cells in stem cell medium were observed to proliferate and grow into spheres. The bigger CaSki cell spheres ~100 µm in diameter were produced after 5-7 days of culturing and the rate of sphere formation was 0.15-0.2% (Fig. 1A) . The cells in the spheres grew in a compacted pattern. When re-seeded in medium with FBS, the CaSki stem cell spheres were adherent to the bottom of the dish and started to differentiate (Fig. 1B) .
Stemness of cervical cancer cells from spheres.
First, the expression of stemness markers was tested using western blot and the expression of Oct4 and Sox2 was found to be increased in the CaSki sphere-forming cells compared with the normal control CaSki cells (Fig. 2A) . Next, the telomerase activity was measured in a PCR-based assay that permitted precise quantitation of enzymatic activity with each prepared cell extract. The result showed that the telomerase activity in the CaSki sphere-forming cells was significantly higher than that in the control CaSki cells (P=0.002; Fig. 2B ), suggesting that the CaSki sphere-forming cells had a higher proliferative ability. (Fig. 3A) . ABCG2, the drug transportation-related protein, was expressed at a higher level in the CaSki sphere-forming cells, while PARP, the apoptosis-related protein, was expressed at a lower level, when compared with the CaSki cells (Fig. 3A) . The MTS results showed that cisplatin (0.5, 1, 2 and 5 ng/ml) induced significantly less proliferation inhibition in the CaSki sphere-forming cells than in the CaSki cells (P=0.04, 0.002, 0.008 and 0.002, respectively; Fig. 3B ). The IC 50 of cisplatin in the CaSki cells was 0.81 µg/ml, while the IC 50 in the CaSki sphere-forming cells was 2.06 µg/ml. This line of evidence indicated that the CaSki sphere-forming cells are more resistant to chemotherapeutics than CaSki cells.
High invasive ability of cervical cancer cells.
To investigate the difference in invasive ability between the CaSki sphere-forming cells and the CaSki cells, a Transwell assay was performed; the results showed that the CaSki sphere-forming cells (Fig. 4A) were more invasive than the CaSki cells (Fig. 4B) . The number of invasive CaSki sphere-forming cells was 244±21.1 compared with 121±5.5 CaSki cells, which was determined to be statistically significant (P=0.003; Fig. 4C ).
Discussion
Cervical cancer is a health threat to women that requires an urgent solution. Tumor relapse and drug resistance are the most troubling problems faced by patients and should be further illustrated mechanically to provide treatment strategies.
The present study performed selective enrichment of CaSki stem-like cells and conducted a telomerase activity assay, the results of which suggested that the CaSki sphere-forming cells not only highly expressed stemness markers, but also exhibited higher proliferative ability than CaSki cells. The MTS and cell invasion assays showed that the CaSki sphere-forming cells were more resistant to chemotherapy drugs (cisplatin) and more invasive than the CaSki cells.
Increasing evidence has highlighted the existence of CSCs and their role in tumor relapse and drug resistance (14, 15) . The first successful isolation of CSCs from a solid tumor occurred in 2003 (16) , demonstrating the existence of CSCs in cancers. In the present study, CaSki sphere-forming cells were isolated and shown to express the stemness markers, Oct4 and Sox2. It was also found that the CaSki sphere-forming cells exhibited higher telomerase activity than the CaSki cells. These results indicated the presence of CSCs in cervical cancer cells and their stronger proliferative ability than normal cells. Therefore, CSCs in cervical cancer may be the root cause of tumor recurrence and treatment failure (17) .
After years of study on CSCs, it was found that serum-free medium with cytokines may be beneficial for the amplification of stem cells in vitro, maintaining the undifferentiated state and the potential of multi-directional differentiation. In the present study, it was shown that, following serum supplementation, the CaSki sphere-forming cells showed signs of differentiation. Therefore, this method is convenient for researchers to use to enrich the CSCs in the study of tumor phenotypes.
The drug resistance of tumor cells is the major cause of cancer treatment failure. The mechanisms of drug resistance involve, but are not limited to, the following aspects: The impairment of the DNA repair ability (18) , the enrichment of P-glycoprotein (19) , the glutathione transferase promotion of the metabolism of anticancer medicine (20) and the existence of CSCs (21) . In the present study, the existence of CSCs in drug resistance was preliminarily evaluated. Highly-expressed stemness markers and the ability to form tumor spheres are considered as the hallmarks of CSCs, which are resistant to anticancer drugs. ABCG2, which is an efflux transporter on the cell membrane and a stem cell marker, is considered to confer drug resistance by expelling chemotherapeutic agents out of the cells (22) . PARP, which is a DNA-repairing enzyme, is considered to be an important index of cell apoptosis and to play a crucial role DNA damage repair (23) . In the present study, the expression of these two proteins was determined and the CaSki sphere-forming cells were shown to express a higher ABCG2 protein level and a lower PARP protein level than the CaSki cells. Although cisplatin is an effective anticancer drug in cervical cancer, it is unable to prevent cancer relapse. We hypothesized that CSCs may play a crucial role in drug resistance. Using the MTS assay, the difference in drug-resistance between the CaSki sphere-forming cells and CaSki cells was markedly illustrated, indicating that the CaSki sphere-forming cells were more resistant to cisplatin, 
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demonstrating the stem cell characteristics as a potential mechanism for drug resistance. Tumor metastasis, which is a fatal step in the progression of tumor disease, is a crucial sign for a poor prognosis. It has previously been suggested that CSCs may be at the center of this step (24) . In the present study, in order to demonstrate the invasive ability of CaSki sphere-forming cells and CaSki cells, a Transwell invasion assay was performed, which found that the CaSki sphere-forming cells possessed higher invasive ability than the CaSki cells. This indicated that CSCs have a greater chance to metastasize than non-CSCs.
In conclusion, the present study demonstrated the presence of CSCs in cervical cancer that could be enriched by sphere-forming culturing. Under optimal conditions, the CaSki tumor spheres showed self-renewal, drug resistance and a strong invasion potential, which may lead to the recurrence of cervical cancer. This in vitro study described a suitable model for cervical cancer research on the mechanism of tumor relapse and metastasis.
